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A LATTICE FOR A “LOU-FIELD” SUPERCONDUCTING SUPER COLLIDER*

David Neuffer
Los Alamos National Laboratory, MS H829, LOS Alamos, ~ 87545

Introduction

In this paper I present L! sfmple lattice suitable
for e Superconducting Super Collider (“super-super”).
This super-super lattice is designed for storage of
20-TeV protons using bending ma nets with peak fields
of B ■ 2.1 T. 1The low-field va ue Is chosen so that
th~ present work may complement presentations of high-
field lattlces (5 T and 6.5 T)’sa given elsewhere at
this workshop, and so thdt this lattice may be used as

;hHU?e%;r ~sign
Identify field-dependent aspects of

.

The super-super design is shown in Fig. 1. :
have chosen a “racetrack” design rather than a hi3h-
periodiclty lattice. The r~cetrack has two long half-
circle arcs connected by two long streight sections.
In the initial development of this design, the arcs
consist entirely of FODO cells (see the following sec-
tion); whereas, each straight section contains three
“low-beta” sections for high-luminosity interaction
regions separated by transport insertions (see
“Straight-section Design”). The transport insertions
can be modified easily to include injection, extrac-
tion, and ●f acceleration devices, as well as other
components necessary in a complete super-super design,
These refinements will not be developed in this Paper.

Ffg. 1. lha sup~r collider ring.

FOOD Cell P@ramet@rs

Tho arcs of th~ super-super ar? composod of a
large nu~tr (>500) of FOOOCO1lS, which w? the basic
units of any large alternating-gradient storage ring.
A FOUO cell is shown tn Ftg. 2 and consists of t focus-
ing quadruple and en oppos~t~-strength defocusing
qu~drupol~, separated by loug bending megnats. Equa-
tions for tho Courtnt-Snyder’ beam transport parm
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Fig. 2. FOI)O ceil.

eters~ andn are given in Table I for thin lers FODO
cells.’ These equations are accurate in the limit
wher? the quadruple length ?s much less than he di-
pole length, which is true in super-super SCenarlOS.

Constraints on beam size, determined by Lhc good
field apertures of the magnets, limit FODO parac!eter
choices. These constraints are somewhat scenario dP-
pendent. If I require that the maximum rms beam size

be less than 1 nwn at an Injection emittance of
0.5 x 10-2n mm”mrad, I find

From Table I It Cun be shown that for cells with bata-
trol, phase 6 between 60°

!
and 90°, Dmax depends only

the cell ha f-lanqt~ L (~ax’ 3.3 L), or L x 350m.

A secund constraint Is the requirement that the
quadruple length IQ be small compared with the cell
length. If 1 require E@L ~ 0.1, 1 find (at*. ■60°)

*
L2> B ,.

Uith ~ . 66 700 Tm for 20-TeV protons and
B’ ■ 100 T/m, ! find L ~ 60 m. 1 choose L ● lsom
within these constraints, This cell length chotce Is
relatively independent of manimum bending fiald B.

The off-mmntum function n has a significant
dapendencc onto and on B.

2 + sln(60/?)

%MN ● f
sinz(60/2’)

1 thd mtm decr~ases by
crttses from 60° to 90°.
molftudac are oiven by hm

Frm

9

a fsctorof 0.54 at q 4n-
Since offmnentum :trtic.t

■ n ADID thl~ means thbt the
ap.rture-ds nd;nt &ntum aecepk~nce is approxhmtely
doubled ● r Imllarly, stnce~ = B, ~ntum acceptance
= 1/8 and the low-fteld super-super scenar~o has pro-
portionately grttter Hntum acceptance. A greitw
mntm uprsad

Y
be desfrebl~ In avold~ng hl@-

fr9quency cohemt n~tabtlitian,



TABLE I
FODO CELL ECJJATIONS/PAJtAJ4ETERS

TABLE 11
LOW-BETA SECTION

FOOD Cell Elements

Element Type
C~~bfint

&@Q Field strength
Len tn

Type J_ m

F quadruple 5m 105.73 Tlm
QDA quadruple 12.?5

D. quadruple 5m -105.73 T/m

o
QFB quadruple 22.5

dipole 140 m 2.0788 T
QDC qu~drupale :2.75

Cell Baranwters Lo drift 30

Parameter vdlu~

0 max 499.20m

13 130.45 m
Parameter Value

min

%MK 2.449 m Elmin 2.0 m

‘$0 72” !3max 2700m (13x ■ By)

L 150 m

Q 0.25” Straight-Section Oeslqn

Thin Lens Equations Each of the two straight sections includes three
low-beta sections for high-luminosity collisions. The

ma=*l(~~XY&;~2

betatron values at the collision point are chosen to be

13
fi~=p~~?m

‘h ‘9 “ [2+sifl(*o/2~
● w(do/?)

L,? ,
‘rein 0 ~ - sin(oo/2]

2 sifiz(@ ./2)

Optlnumcclls or~chosen with 60- < 0 g 90”, with
tho Itrgw ~ permitting greater momentum acceptance at
h cost In quadruple length. ‘$e cases with $0 ■ 60°
&nd 40 ■ 90° have partictilarly ,~od symatry, which
makas sma de~ign tasks blmplor. 1 Stnce an lnterme-
dtatevclue may b~optlmum, and todenmnstrata thit ac-
ceptable de:l nt can ba gefierited for other cases, 1

?:hoae~ ■ }“, acasewlth SOI!MW).OT ~nf?rior symwtry
(60 ‘ 2W95). 1anticlpatn futura adjustments at sca-
narlo requirements bmc(ma mo?e dcftntt~,

Paromters for thts FODO CQ1l ire compiled In
Ttble 1 utme thick lenses are used.’ (1Q ■ bmand
Lo, the dfpole l~~gth, Is 140 m.) Uith R “ 0.25” band
per half cell, a fiald of B ● 2.0788 T is required for
20-TeV particles. The mmentum apertura undw the
constraint n Ap/p c 0,001 m is AP/P ■ *0.0040 Eachm
Contafns 360 FOOO cells and together tha arcs contrtb=
“t, 216 htb th~ rlngcircmf~rence.

Field

E T/m

-200.1

198.4

-190.7

to comply with currently fashionable super-super param-
eter choices. Higher luminosity may be obtained using
smaller 8* (discussed below). The low-beta collision
point Is surrounded by drift lengths of t30 m to ac-
cormnodate detectors. Focusing to obtain small I?I* is
provided by triplets of quadruples. (See Fig. 3.) 1
choose quadruples with gradients of %200 T/m. With
apertures of >2 cm, strong fields of >4 T are required.
The total lef!gthof the triplet lsti5m. Parameters
of the low-beta section are shown in Table Il.

An important paranwte: is 13max, the maxinum beta-
tron amplitude within the triplet, which determines
the required aperture through 02 = O c*/6n where o Is
the rms beam size. In Table 11 ha ■ 2700m, which
mms tEr beam Is m~gnified by%2.5\imes its size in
the perfodic lattice.

Lower 13* ts obtainable by slight modification of
the triplet; iiowever, 13max is Increased following
fima~= l/B*. Chooslngfl* ■ 0.5m increaset luminosity
by s factor of 4 with ~ ~ ■ 11 000 m, doubliny the
beam sixe tn the triplet. !hls additional aperwre is,

DISTANCE [ml

Fig. 3. Lou-beta section.



however, probably not difficult to acconsnodat~ at
20 TeV for most super-super scenwlos; optimi?~’.lon
wI1l probably lower B*. Lower B* will eventually be
limited by the “hourglass” effect: O* > Ls/2 with
Lg the bunch length.

Matching Constraints

The Iattlce must include matchinqof C-S func,.
tionsi between the arcs and the low-beta sectior,$.
Figure 4 shows an initial solution to this problem.

The dispersion function in the arc Is matched to
zero dispersion in the straight sections by “dispersion,
suppressors”; 60 ■ 60” and 60 ■ 90’ have particularly
simple solutions to this problem. .The 60° case :s ob-
tained simply by ellminatin the bending magnets in

ittie next-to-last FOOO cell o the arc. I have chosel
to modify this for 72” by varying the drift lengths ic
this next-to-last cell. The result is drift lengths
of 97.12 m and 106.54 m, Instead of 145 m, which does
perturb fix, By in these laSt twO Cells.

Matching of Ox, ~ between the arcs and the trip-
let is obtained by a weakly defocusing triplet and a
long drift space (%500 m). Transport between interac-
tion regions Is composed In this initial design of ten
72” FOOO cells without bending magnets and tr’plet/
drift sections at the ends of the transport for ~x,
13ymatching,

DISTANCE [km)

Fig, 4. Matching section.

These low-beta transport-section paramters ar@
easily readjusted to obtain B* ● 1 m.

The solution displayad here Is synsnatric abou? the
low-beta point and can be diractly Implomntad in a pb
collider or a pp collidor fn which tho bmns sr@ sena-
rated in separate filial-focusing tr~plets, If opposirw
proton beams pass through the s- triplets, they sae
opposite polaritim and, therefore, dtfforont mctchlng
conditions that can be mt by weakly defocusing quadru-
plets. An antisymxetric solutton my b~ preferred,
and has been generated, Overall ltttfce poramters
and be?mdynadcs da not dfffer significantly.

Sumnary of Latttce Properties

In Tablo !11 th8 lattico paramatcrs cr. fiisPlsY-
ed. and the commlete lattice ~tructure ts outlinod.

TABLE III
SLWARYOF PARAMETERS

Lzttlce ?aranwters

Parawter Value

Circumference 238 km
●

Tunes ‘x ■ 158.315

Vy ■ 158.163

B* -- low beta value 2.0 m

13max .- largest beta value 2700 m

FOOO period length 300 m

60 phase advance/cell 720

Natural chranaticity [x ■ -1.468

~ . ~v/v / &)/p [y ■ -1.389

Transition energy VI ■ 155.4

Lattice Structure of One-fourth Rinq—

Elements
Length

-Q!&)_

Arcs: 179 FOOO cells 53.7

9ispersion suppressor 0.51116

Matb;l to 1st low beta 0.78084

Low beta to straight-section transpor’ 0.75

Straight section (4’11 phaie advance) 3.0

Straight section to central low beta 0.75

[orroctinn blments are not yet Included; houev~r,
the l!noar chrumatlcity can be easily currwt?d by ln-
Sertion of two fadllos of sentupnl~s In tho FOOO
Coils. The lattlca will be studied using particle-
track ’ng codes to determln~ th, ●ffects of higher order
Corcmtlcity, chromatic aberrations in the low-beta
optics, and smsitivity to magnet errors, and to design
necessar,u correction systems.
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